Smooth muscle lesions of the large bowel, excluding the rectum, are generally rare, and diffuse smooth muscle lesions, termed leiomyomatosis, are even rarer. In this report, we document, for the first time, leiomyomatosis-like lymphangioleiomyomatosis (LAM) of the ascending, transverse, and descending colon in association with bilateral renal angiomyolipoma (AML) in a 30-year-old Chinese female with tuberous sclerosis complex (TSC). She presented with protracted constipation for which a colectomy was performed. Histology disclosed multiple confluent nodular CD34 and CD117 negative smooth muscle proliferation within the large bowel wall, whereas the renal biopsy revealed typical features of AML. Interestingly, the epithelioid smooth muscle cells of both the colonic and renal lesions were HMB45 positive, suggesting that leiomyomatosislike LAM of the colon, pulmonary LAM and AML are closely related entities. The patient remained free of complications for the last five years after surgery. Leiomyomatosis-like LAM of the large bowel probably represents another manifestation of the tendency of TSC to be associated with proliferative lesions.
Tuberous sclerosis complex (TSC), an autosomal dominant tumor gene syndrome with an incidence of at least one in 10,000 at birth (1, 2) , is characterized by protean clinical manifestations frequently associated with proliferative lesions involving multiple organ systems. Diagnostic criteria have been proposed using a constellation of primary, secondary, and tertiary features (2) . It is believed that dysregulation of cellular proliferation and differentiation results in the development of lesional growth in many organs. Specific gastrointestinal tract manifestation in the setting of TSC has been occasionally described. Hizawa et al. (3) reported hamartomatous polyps in the rectosigmoid colons of 2 patients with TSC. Byard et al. (4) reported a solitary 5-cm subserosal leiomyoma at the hepatic flexure of the colon in a 16-year-old girl with an established diagnosis of TSC. In the recently revised diagnostic criteria for TSC (2) , the only gastrointestinal manifestation included is the presence of hamartomatous rectal polyps.
In this study, we detail concomitant diffuse smooth muscle proliferation of colonic leiomyomatosis-like lymphangioleiomyomatosis (LAM) and renal angiomyolipoma (AML) in a 30-year-old female with TSC who presented with prolonged constipation. To the best of our knowledge, this is the first report of colonic leiomyomatosis-like LAM in the setting of TSC.
CASE REPORT
A 30-year-old Chinese female with a history of TSC associated with mental retardation, seizures, shagreen patches on lower back, and facial angiofibromas presented with intractable constipation that was not responding to medical treatment. On physical examination, she was also found to have bilaterally enlarged kidneys. Besides facial angiofibromas and shagreen patches over the back, no other physical signs such as those referable to the respiratory system were noted. Chest X-ray performed did not show any abnormality. CT scans of the abdomen revealed bilateral renal enlargement without evidence of pelvycaliceal dilation. Laparotomy was carried out both as an exploratory procedure and with the intention of performing a colectomy to relieve her constipation. At laparotomy, both kidneys appeared similarly enlarged, and frozen section of a wedge biopsy of the right kidney revealed AML. Examination of the large bowel revealed multiple thickenings, and a subtotal colectomy was then carried out. Postoperatively, she recovered uneventfully, and a subsequent MRI of the brain before discharge showed tubers in the cortical gray, subependymal, periventricular, and subcortical white matter. Five years after the operation, she remains well.
MATERIALS AND METHODS
The main excision specimen comprising an extended right hemicolectomy was received in formalin. The specimen was prosected in a routine manner with extensive sampling of the lesional nodules and processed for routine hematoxylin and eosin (H&E)-stained sections. The wedge of renal tissue received for frozen section was completely processed for histology after fixation in formalin.
Five-m sections from formalin-fixed, paraffinembedded tissues were stained with antibodies against vimentin (DAKO, 1:200), smooth muscle actin (Sigma, dilution 1:800), desmin (DAKO, dilution 1:100), S-100 protein (DAKO, dilution 1:1400), HMB45 (DAKO, dilution 1:100), cytokeratin AE 1/3 (Ventana, #250 -2135, prediluted), CD34 (NCL-END, dilution 1:30), bcl-2 (DAKO, dilution 1:50), CD117/c-kit (NeoMarker, MS483-P1, dilution 1:20), estrogen receptor (DAKO, M7047, dilution 1:40), and progesterone receptor (NCL-PGR, dilution 1:70) using the avidin-biotin complex (ABC) method with microwave antigen retrieval technique, except for S-100 where no antigen retrieval technique was used, and progesterone receptor (PR) and estrogen receptor (ER), where pressurecooked method was used. Appropriate positive and negative controls were used throughout.
Pathologic Findings
The resected specimen consisted of terminal ileum (6 cm in length), appendix (4 cm in length), and colon (116 cm in length) reaching distally to include the sigmoid colon. The ascending, transverse, and descending colon were dilated, and the dilatation was most marked proximally, decreasing distally. The colonic wall was focally thickened by irregular, confluent masses that were pale in color and measured from 0.5 cm to 3 cm in diameter (Fig.  1) . Some of these nodules protruded into the colonic lumen as sessile polyps, whereas occasional nodules extended into the pericolic tissue. The sigmoid colon appeared to be uninvolved, but a separate 0.5-cm diameter nodule was found in the mesocolic fat that was unattached to the colonic wall. The nodules showed no evidence of hemorrhage or necrosis, although one of the mucosal nodules showed surface ulceration. In the stretches of colonic wall between groups of nodules, the average diameter of the muscle wall showed focal circumferential thickening of up to 1 cm.
Histologic examination disclosed that the nodules consisted of bundles of elongated spindle cells with markedly elongated nuclei ( Fig. 2A) which were closely packed, affecting the muscularis propria with focal extension into the pericolic fat in some areas. There was little nuclear pleomorphism and mitoses were absent. The spindle cell areas alternated with more cellular areas made up of plump, epithelioid cells arranged around dilated, endothelial-lined channels. No mature adipose tissue was detected. The lesions extended in a pushing manner through the muscularis mucosae into the lamina propria but did not reach the luminal surface of the mucosa. The ulcerated nodule consisted of granulation tissue and an inflammatory cellular infiltrate overlying the lesion without the presence of lesional cells in the mucosal edges of the ulcer. An interesting feature was the irregular proliferation of smooth muscle possessing irregularly shaped slightly enlarged nuclei in the walls of the lymphatics that merged with the smooth muscle of the venous wall (Fig. 2B ). This lymphangiomatous component did not involve the circumference of the lymphatic vessel uniformly and was more readily identified in the pericolic fat, being in close relationship with the nodular smooth muscle proliferation of the large bowel.
Sections of the sigmoid mesocolon nodule revealed similar features as those seen in the colonic smooth muscle lesion, being devoid of any adipose tissue component. On immunohistochemistry, both spindle cell and epithelioid cell areas showed positivity with smooth muscle actin, vimentin, and desmin, but S-100, ER, and PR stains were negative. CD34, CD117/c-kit, and bcl-2, immunohistochemical markers of gastrointestinal stromal tumor (GIST), were negative. HMB45 stained the epithelioid cells but not the spindle cell areas of the lesion (Fig. 3) .
The wedge of renal tissue measured 2 ϫ 2 ϫ 1 cm and showed adipose tissue with firm areas on cut sections. Histology revealed a typical AML composed of mature adipose tissue interspersed with bundles of elongated cells with spindle-shaped nuclei which sometimes formed nodules and whorled masses. Some of the spindle cells radiated out of the wall of thickened blood vessels. There were also groups of plumper epithelioid-appearing cells in a hyalinized eosinophilic background that bore a striking resemblance to areas seen in the colonic smooth muscle proliferation (Fig. 4) . No atypical epithelioid component was seen. The spindle and epithelioid cell areas stained positively for smooth muscle actin and desmin with positive HMB45 staining being confined to the epithelioid cells only. The renal AML did not stain with ER and PR antibodies.
DISCUSSION
Benign stromal lesions of smooth muscle origin, or leiomyomas, usually present as solitary circumscribed lesions in the gastrointestinal tract, showing predilection for the esophagus and anorectum (5). However (5), most tumors in the literature formally described as being of smooth muscle origin are better classified as gastrointestinal stromal tumor (GIST), which typically displays CD117 (c-kit) and CD34 immunoreactivity (6, 7) . "Leiomyomatosis" is a term used to describe the occurrence of multiple, confluent masses in the bowel wall caused by multifocal proliferation of smooth muscle cells forming focal tumor masses (8) . In the gastrointestinal tract, diffuse leiomyomatosis is more often reported in the esophagus and upper gastrointestinal tract, being usually associated with X-linked Alport syndrome (9), but this is an uncommon event with fewer than 100 cases in the literature, most of which are single case reports (9, 10, 11, 12, 13) .
Leiomyomatosis of the colon is extremely rare, and only single case reports are found in the literature (14). Freni et al. (8) reported a semiconstricting multinodular lesion caused by smooth muscle proliferation in the muscularis propria, subserosa, and submucosa of the ascending and transverse colon in association with similar smooth muscle nodules in the mesocolon of a 30-year-old woman. Spaun et al. (15) reported colonic and mesenteric leiomyomatosis involving a 35-year-old mentally retarded male with multiple skeletal malformations and multiple intracranial meningiomas. The lesions in the serosa and mesentery of the colon contained adipose and neural tissue as well as thick-walled vessels, whereas the muscularis propria was disorganized and nodular. Vallaeys et al. (16) described a case with lesions similar to ours involving the small intestine and colon in a 64 year old female. The lesions were characterized by multifocal, diffuse tumor masses that were present in the muscular layers with extension into perimuscular subserosal fat. Histologically, they were composed of proliferating smooth muscle cells that often surrounded prominent blood vessels. They concluded that the lesion might be analogous to LAM. Brumback (17) raised the possibility that the muscle lesion described by Valleys may in fact represent a variant of leiomyomatosis peritonealis disseminata. Other instances of diffuse smooth muscle proliferation affecting the gastrointestinal tract include Sell and Cocco's (18) report of a case of diffuse leiomyomatosis of the gastrointestinal tract spanning from the esophagus to rectum in a 42-year-old man and the Zornig et al. (19) report of a case of diffuse leiomyosarcomatosis of the colon in a patient with ulcerative colitis. However, none of the patients mentioned above had any documented evidence of tuberous sclerosis. Furthermore, it is unclear whether any of the cases affecting the large bowel cited above may be related to GIST because they were reported in an era before the significance of CD34 and CD117 was appreciated (7) .
We interpret the smooth muscle proliferation of the colon in this report as leiomyomatosis-like LAM for the following reasons. First, there are clinical and histologic similarities between the smooth muscle proliferation of the colon in our case and that seen in pulmonary LAM (20, 21) , viz. the occurrence in a female of reproductive age with TSC and the histologic spectrum of changes that embody spindle and epithelioid smooth muscle cells surrounding endothelial-lined spaces in conjunction with a lymphangiomatous component and HMB45 expression. Furthermore, extrapulmonary LAM is a known phenomenon, having been described in mediastinal lymph node, retroperitoneum, and uterus (22, 23) , and hence a colonic location in this instance does not exclude a diagnosis of LAM.
Interestingly, positive HMB45 staining in colonic leiomyomatosis-like LAM and renal AML in our case is confined to the epithelioid cells, whereas the spindle cells are HMB45 negative, a feature akin to the HMB45 staining characteristic in the epithelioid and spindle cells of pulmonary LAM described by Matsumoto et al. (21) . These features implicate a close relationship between colonic leiomyomatosis-like LAM, pulmonary LAM, and AML. The association of renal AML is a well-known feature in LAM (20) . In fact, the presence of HMB45 expression seen in the epithelioid smooth muscle cell of colonic leiomyomatosis-like LAM augurs well for the inclusion of colonic leiomyomatosis-like LAM into the family of lesions characterized by perivascular epithelioid cell (PEC) (22) . PEC is described as epithelioid cell with clear to deeply eosinophilic cytoplasm associated with a perivascular location and the interesting co-expression of smooth muscle actin isoforms and melanogenesis marker, HMB45. PEC has been described in LAM, renal as well as extrarenal AML and clear cell "sugar" tumor of the lung, pancreas, and uterus. PEC is frequently associated with TSC. Reported lesions with PEC affecting tissues and organs related to the gastrointestinal tract (22, 24) include AML of the liver; clear-cell myomelanocytic tumor of the falciform ligament/ligamentum teres; and clear cell tumor of the pancreas, rectum, and serosal surface of the ileum. Apart from the 5-10% cases of hepatic AML being associated with TSC (22), none of the gastrointestinal tract related lesions with participation of PEC had documented TSC, thereby making our current case unique.
The question of whether the solitary nodule in the sigmoid mesocolon of our patient is a metastasis should also be addressed. The appearances suggest that the serosal nodule arose from smooth muscle proliferation in a vessel wall, being analogous to the smooth muscle proliferation from the blood vessels in the colon and thereby indicating that this is unlikely to be a metastasis. Moreover, the lack of mitotic figures and atypia in the colonic lesions or the mesocolon nodule makes a diagnosis of malignancy difficult despite the presence of muscularis propria involvement by lesional cells and apparent extension of lesional cells into the lamina propria, which are features of malignant largebowel GIST (14) . On the other hand, the possibility of a metastatic renal AML has to be considered. Some authors view nodal deposits of AML in the setting of renal AML as multifocal AML rather than metastasis because no patients with classical renal and nodal AML (excluding epithelioid variant of renal AML) have progressed to a more widely disseminated AML (25) . This reason and the fact that the mesocolon nodule bears a closer morphologic resemblance to the colonic smooth muscle lesion dissuade a diagnosis of metastatic AML. Probably, the serosal nodule in our case is akin to the mesocolon nodules seen in colonic leiomyomatosis described by Freni et al. (8) , and the fact that our patient has been well for five years after the operation corroborates a benign course.
TSC is caused by mutations in either the TSC1 (chromosome 9q34) or TSC2 (chromosome 16p13) tumor suppressor gene (26) , leading to increased cell proliferation (27) (28) (29) . The lesions occurring in this disorder include cortical tubers and angiofibromas, which are considered hamartomas or "uncontrolled growths" rather than neoplasms (1, 2, 26) . However, renal AML is now considered a neoplasm of clonal origin and not hamartoma as previously thought (25) . In fact, renal AML possessing a significant atypical epithelioid component has behaved in a malignant fashion (25, 30) . Hence, the possibility of the colonic smooth muscle proliferation in this report being a neoplasm cannot be excluded, and study of additional similar cases is necessary to fully define its behavior and nature. Given the fact that HMB45-negative spindle cells of pulmonary LAM are shown to possess a high proliferating-cell nuclear antigen expression and are thus implicated in the progression of LAM (21), there is a likelihood that the colonic disease in our patient may progress without surgery because the colonic smooth muscle proliferation is composed predominantly of HMB45 negative spindle cells. In such an instance, surgery is appropriate for symptomatic relief and prevention of complications.
